Abstract. Secondary molecular ions, emitted from a LiF target bombarded by a MeV argon beam, are analyzed by a XY-TOF detection system. This new method allows, for each emitted ion, simultaneous measurement of its time-of flight (TOF) and its impact coordinates (XY) on the detector surface, after acceleration by a homogenous electric field. 
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INTRODUCTION
Surface analysis using ion beams can be performed by scattering or by desorption techniques. In the first case, the scattered projectile is the detected particle and the method is usually referred to as Low Energy Ion Scattering (LEIS), Ion Scattering Spectroscopy (ISS) or Rutherford Backscattering (RBS), depending on the projectile energy. The advantage of such analyses is their ability to determine both composition and structural information of the surface [1] . In the second case, surface atoms or molecules are detected. The names of the related methods have some divergence in the literature, but it is reasonable to call the process "desorption " when atoms or molecules are only emitted in the eV range; Secondary Ion Mass Spectrometry (SIMS) is specific for projectile impact in the keV range, while Elastic Recoil Detection Analysis (ERDA) is employed when both projectile and recoiled particle have energies in the hundreds of keV or MeV range.
Since molecular bonds are generally destroyed in energetic collisions, only charged or neutral atomic species are expected in ERDA experiments. For the same reason, charged or neutral molecular species are common, or even dominant, in eV secondary particle emission processes. It is then understandable that molecular species are not emitted from the center region of the projectile impact, but rather from relatively distant peripheral sites, in which case the transferred energy density is low enough to maintain molecular bonding and thus to allow desorption of molecules. In other words, molecular ion emission proceeds via collective processes (e.g., linear cascade, pressure pulses and electron multi-hits), lowering the energy and momentum transferred from the projectile to the ejectile [2] [3] [4] [5] [6] [7] .
In this work, we present experimental results which show that molecular emission can occur under energetic binary collision between projectiles and surface molecules. This process is observed under appropriate conditions which are described in the next sections. The current method opens a new approach to analyze the interaction between the projectile and surface molecules.
EXPERIMENT
The experimental set-up allows the measurement of the 3-dimensional vector velocity and the angle distributions of secondary ions emitted from surfaces under particle impact. The used mass spectrometer is a time-of-flight (TOF) type, improved with an imaging system to determine the impact positions of each emitted secondary ion. This system is based on a 2-dimensional position-sensitive (XY) detector. The XZ scattering plane is defined by the beam trajectory and by the spectrometer symmetry axis (the Z axis, perpendicular to the target surface), the incidence projectile impact angle θ p is formed by these two directions. The system has especular symmetry with respect to XZ plane, i.e., to the y = 0 co-ordinate.
To improve mass resolution and preserve a large radial energy acceptance, the spectrometer described in ref. [8] was modified in order to have a short extraction region (0.77 cm with a field of 3.8 kV/cm) and a longer drift region (8.34 cm). A thin LiF film (200 Å) , prepared by evaporation in vacuum, was bombarded by Ar 0 incident beam (25 keV/u, θ p = 37°) at 3-5x10 3 projectiles per second. 
RESULTS
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DISCUSSION
These C n H m + needle-shaped structures in the spectra of Fig. 2 are clealy defined because these secondary particles originate from adsorbed layers on the target surface. They are emitted in a single collision, i.e. a binary collision between the projectile and e.g. a carbon atom respectively, resulting the secondary C + ion, a common constituent of the molecular adsorbate on the target surface. It is a direct momentum transfer from the projectile to the target atom. A similar arrow shaped structure is observed in the H + secondary ion emission process. Its intensity is correlated with increasing nuclear stopping power dE/dx n of the projectile and its direction with the projectile impact angle θ p [9] . Note, that e.g. the C + ions are emitted from the solid surface with maximum velocity of about 80 km/s and under an angle of about 90° with respect to the direction of the incident projectile (see fig. 5 ), which corresponds to the maximum of the elastic recoil cross section [10] . CH + , CH 2 + and N 2 + show a similar emission structure. It is indeed surprising that these three molecular ions can survive such a violent binary collision with the projectile. The high velocity molecular emission however is not observed for H 2 + , H 3 + , CH 3 + secondary ions (see Fig.  2 ) or for molecules with more than 3 atoms. The hydrogen cluster ions, CH 3 + and hydrocarbons of higher masses are therefore more likely to dissociate than to be emitted intact after a binary collision with the projectile. Molecular binding energy and an upper number of molecular constituents may be the relevant parameters that allow a surface molecule, or its molecular fragments, to survive the impact of fast projectiles. Besides a broad velocity distribution, emission of molecules with many constituents are expected to be more symmetric around the Z-axis than the mentioned needle-shaped structure molecules. The target atomic ions do not show such a pronounced structure. As mentioned, at low projectile energy, the v 0y -v 0z -distribution are symmetric , and broad, without a sharp structure. A small, but visible, asymmetry between positive and negative x values (in the XZ scattering plane) indicates that the emitted Li + ions still remember somewhat of the direction of the incoming projectile. The broad Li + distribution indicates that bulk ions cannot be emitted in one single collision with projectile but rather only after a sequence of collisions with its neighbors, i.e. the atoms of the substrate or the atoms of the surface adsorbates. 
FIGURE 5.
Orthographic projection of the angular distribution relative to Fig. 4a . Θ is the angle with Z axis and Φ is the angle with the XZ plane. In this plot, for each event, the emission angle Θ is the distance to the center (0,0) of the distribution. The beam direction is, in this case, Θ = 36 0 and Φ =0.
CONCLUSION
The presented experimental method provides a powerful technique to access the understanding of basic interaction mechanisms of projectiles with solids and its surfaces. Such type of analysis is useful for material and surface science by identifying the origin of secondary ions from the surface and by distinguishing single-and multiple-collision processes in the target substrate. The method is applied to the analysis of molecular secondary ions emitted with high velocity during MeV bombardment of the target. The Li + ions from the bulk substrate shows broad emission velocity distributions, a signature of emission by a multiple collision process. Moreover, the initial velocity distributions for atomic C + and for molecular adsorbate fragments such as CH + and N 2 + / CO 2 + show that the secondary particles are emitted close to a plane perpendicular to the beam direction, with a maximum cross section in the beam incidence plane. It is concluded that the emission process is due to projectile-molecule binary collisions, with large impact parameter, producing molecular fragments formed with small number of constituents.
